Background: Previous reviews of rural physical activity interventions were focused on intervention effectiveness and had reported overall mixed findings. The purpose of this systematic review was to apply the Reach, Efficacy, Adoption, Implementation and Maintenance (RE-AIM) framework to evaluate the extent to which rural physical activity interventions in the U.S. have reported on dimensions of internal and external validity and to offer suggestions for future physical activity interventions for rural U.S. populations. Methods: Pubmed, PsychINFO, CINAHL, PAIS, and Web of Science were searched through February 2019 to identify physical activity intervention studies conducted in rural regions in the U.S. with adult populations. Titles, abstracts, and full texts of articles were reviewed against inclusion and exclusion criteria. Data extraction from included articles included a summary of study details, rural classification system used, and the presence or absence of a total 61 RE-AIM indicators, including reach (n = 13), efficacy/effectiveness (n = 10), adoption (n = 21), implementation (n = 9), and maintenance (n = 8).
Background
Rural areas cover about 97% of land in the United States (U.S.) and include about 20% of the population, or around 60 million residents [1] . Rural residents in the U.S. are less physically active than urban residents [2] . As a result, rural residents face increased rates of mortality and disease related to inactivity, such as obesity and heart disease, when compared to urban counterparts [3] . Adopting healthful behaviors, such as physical activity, reduces the risk of morbidity and mortality [4] . Thus, physical activity promotion among rural adults may have a major public health impact and help to reduce rural health disparities.
Several reviews have assessed the effectiveness of physical activity interventions among rural populations and have reported mixed findings [5] [6] [7] [8] . Results of these reviews conclude that to be effective, interventions should include low-to moderate-intensity aerobic exercise [7] , be personalized and tailored with multiple intervention contacts [5] , and incorporate behavior change theory [8] . Among previous reviews of rural physical activity interventions [5] [6] [7] [8] , only one review by Cleland and colleagues included a meta-analysis, which demonstrated no overall effect of interventions on physical activity [6] . This meta-analysis also demonstrated an intervention effect in favor of studies using objective measures of physical activity, but no intervention effect among studies using self-report measures of physical activity [6] .
Although the literature shows there are promising components to existing physical activity interventions for rural residents, previous reviews have cited mixed findings and high risk of bias among included studies as major limitations, and have thus been unable to draw strong conclusions regarding the effectiveness of physical activity interventions in rural settings [5] [6] [7] [8] . Furthermore, persistent disparities in physical activity between rural and urban residents suggest that effective interventions have not yet been effectively translated and implemented within rural communities to improve population health. The translation of interventions into practice is challenging, especially within complex environments with limited resources, such as rural communities [9] . Rural communities are characterized by multifaceted physical and social features; for example, in addition to unique geographic features of rural environments and longer distances to reach health services, there are also higher rates of unemployment, uninsured, and poverty among rural residents [10, 11] . To successfully translate evidence-based interventions into these complex rural communities, it is critical to examine the internal and external validity of interventions [12, 13] .
The RE-AIM framework can be applied to evaluate the internal and external validity of interventions [14, 15] . The purpose of the framework is to help guide the dissemination and implementation of evidence-based interventions into practice [14, 16] . Specifically, the RE-AIM framework assesses the dimensions of reach, efficacy/effectiveness, adoption, implementation, and maintenance in order to determine the public health impact of interventions [14] . The dimensions of reach, which reflects the number, proportion, and representativeness of intervention participants, adoption, which reflects the number, proportion, and representativeness of intervention settings and staff, and maintenance, which at the setting level reflects if an intervention integrates into routine organizational practices and policies, allow researchers to evaluate external validity [14, 16] . The dimensions of efficacy/effectiveness, which reflects impact of an intervention on important outcomes, and implementation, which reflects intervention participants and staff fidelity to an intervention's protocol, allow researchers to evaluate internal validity [14, 16] . RE-AIM has been used to assess the internal and external validity of physical activity interventions and to provide recommendations for future work in diverse populations, including breast cancer survivors, family caregivers, and Latin American populations [17] [18] [19] . For example, when the RE-AIM framework was applied to examine physical activity interventions in breast cancer survivors, White and colleagues demonstrated that while a majority of studies reported dimensions reflecting internal validity, dimensions reflecting external validity were rarely reported, thus limiting generalizability of study findings [17] .
A comprehensive review of the internal and external validity of physical activity interventions in rural populations is currently lacking. This gap in the literature is coupled with a lack of certainty regarding the effectiveness of physical activity interventions in rural populations, which may be due to the poor quality of studies and high risk of bias, which limits the ability to draw strong conclusions as shown in Cai and colleagues' review [5] . This lack of certainty may also be due to differences in rurality across countries in previous reviews, or other contextual factors that have not previously been explored (e.g., intervention delivery staff, setting) [6, 7] . Thus, the purpose of this review is to 1) evaluate the extent to which physical activity interventions in rural populations in the U.S. have reported on dimensions of internal and external validity using the RE-AIM framework, and 2) offer suggestions on the design and reporting of future physical activity interventions for rural U.S. populations to enhance their ability to be widely implemented and disseminated to improve population health. Since there is no single widely accepted rural classification system [20] , we restricted our review to only studies conducted in the U.S. and summarized the different measures of rurality used by study authors to aid the generalizability of findings. 
Methods

Protocol and registration
This systematic review is registered with the PROSPERO international prospective register of systematic reviews (registration number CRD42019116308) at the Centre for Reviews and Dissemination, University of York, UK, and adheres to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) reporting guidelines [21] . The PRISMA checklist is available as Additional file 1.
Eligibility criteria
Study inclusion criteria are described in Table 1 . Articles were excluded if they: 1) were not conducted in the U.S., 2) were not an intervention study, 3) did not include an adult population (18+ years old, or mean age < 65 years), consistent with previous reviews [6] , and 4) did not report pre-and post-intervention measures of physical activity, exercise, or fitness as an intervention outcome, consistent with previous reviews [7] . Furthermore, while the goal of this review is to apply the RE-AIM framework to evaluate rural physical activity interventions, explicitly stating that RE-AIM indicators were used for reporting was not part of the eligibility criteria when searching for studies.
Search strategy
The following five electronic databases were searched for articles: Pubmed (January 1996-February 10, 2019), PsychINFO (1887-February 10, 2019), CINAHL (1961-February 10, 2019), PAIS (1972-February 10, 2019), and Web of Science (1900-February 10, 2019). The search was limited to original research articles published in English from each database's inception through October 9, 2018 and updated on February 10, 2019. The search strategy was developed in consultation with a health sciences librarian and included the following search concepts: 1) rural population, rural health services, or rural health; 2) exercise, physical activity, walking, jogging, bicycling, or recreation; and 3) intervention studies, health promotion, or wellness programs (full search strategy is available as Additional file 2). The reference lists of all included full-text articles were further hand searched to identify any additional articles meeting the inclusion criteria, or any companion articles. A companion article is any article related to the primary study that may include additional intervention details. For example, some studies publish study protocols separately from the primary outcomes, in which additional RE-AIM indicators are reported.
Study selection
Search results were managed using EndNote X9 reference manager software (Clarivate Analytics, Philadelphia, PA). Citation details for all articles (e.g., year of publication, authors, journal name, title, abstract) were downloaded and loaded into a single file. Duplicate articles were identified using Endnote X9, reviewed, and removed from the database. Two coders (NB and PS) independently completed initial screening of titles and abstracts, separately.
The full texts of the remaining articles were then independently reviewed against inclusion and exclusion criteria by two coders (NB and PS). The inter-rater reliability, which was calculated using Cohen's κ, was .82, indicating a high degree of agreement [22] . Disagreements between coders were discussed until consensus was reached. Reasons for exclusion were documented at the full text screening stage.
Data extraction and analysis/synthesis
A coding tool adapted from a previous systematic review using the RE-AIM framework [23] was used by two coders (NB and PS) to independently extract and code data from included articles. Disagreements between coders regarding extracted data were discussed until consensus was reached. Extracted data included citation details, companion article citation details, definition and classification of rurality, intervention outcome (e.g., physical activity, exercise, or fitness), target population, study setting, and study design. For each of the five RE-AIM dimensions, the presence or absence of indicators were coded (yes/no), and if present, a description of the indicator was extracted. A total of 61 RE-AIM indicators were coded, including indicators to describe reach (n = 13), efficacy/effectiveness (n = 10), adoption (n = 21), implementation (n = 9), and maintenance (n = 8), which are described in Table 2 . Data synthesis included a narrative description of primary studies and frequency counts and percentages across reported RE-AIM indicators.
Results
Our search yielded 2710 articles after the exclusion of duplicates ( Fig. 1 ). Of those, 2601 articles were excluded during title and abstract screening, yielding 109 articles for full-text review. An additional 80 articles were excluded after review of the full text, and 11 additional articles were identified from hand searching the reference lists of included articles, resulting in a total of 40 fulltext articles representing 29 unique studies .
Study and participant characteristics
Studies included in this review are described in Additional file 3. Overall, study sample sizes ranged from 15 to 1257 (M = 217.8, SD = 263.2), and 51.7% (n = 15) of studies included exclusively women. Studies ranged in duration from 5 weeks to 96 weeks (M = 31.7, SD = 25.1).
In-person intervention settings included churches (n = 6, 20.7%), a mix of various community locations (n = 5, 17.2%), worksites (n = 3, 10.3%), medical practices/clinics (n = 1, 3.4%), participants' homes, (n = 1, 3.4%), community or recreation centers (n = 1, 3.4%), or were unreported (n = 2, 6.9%). Out of the 10 interventions that were not delivered in person, a total of 6 interventions (20.7%) used telephone-based delivery, 2 interventions (6.9%) were website-based, and 2 interventions (6.9%) were SMS message-based. Classifications of rurality included self-statements by authors (with no description of a standardized classification system) (n = 19, 65.5%), population/census-based definitions (n = 3, 10.3%), Rural Urban Continuum Codes (RUCC) (n = 3, 10.3%), and Rural Urban Commuting Area (RUCA) codes (n = 2, 6.9%). Additionally, one study used the Alabama Rural Health Association 2014 classification system to define six counties in Alabama as rural [54] , and one study used the U.S. Office of Management and Budget (OMB) classification system to define Delaware County, NY, as rural [52] . Most (69.0%, n = 20) studies reported a significant improvement in at least one physical activity, exercise, or fitness outcome, and 9 (31.0%) interventions reported no significant improvements in any physical activity, exercise, or fitness outcome.
RE-AIM indicators
No studies explicitly stated that RE-AIM indicators were used for reporting. Overall, individual studies Table 3 , and the total number and percentage of studies reporting on each RE-AIM indicator is shown in Table 2 . 
Single studies vs. multiple papers
Discussion
Previous reviews of physical activity interventions in rural populations identified features showing promise for intervention effectiveness but had reported overall mixed findings [5] [6] [7] [8] . The current study extended this literature by examining the extent to which physical activity interventions in rural populations reported on reach, efficacy and effectiveness, adoption, implementation, and maintenance and provides recommendations for future research based on findings. We found in addition to the high risk of bias and poor quality of studies cited previously [5] [6] [7] [8] , there is an overall low reporting of RE-AIM dimensions, particularly in adoption and maintenance, which are dimensions related to external validity. Low reporting of dimensions related to external validity may mean that research aimed at rural physical activity and health promotion is currently not placing enough emphasis on improving factors such as the number, proportion and representativeness of settings and staff members agreeing to initiate an intervention, and sustained intervention delivery at the setting or staff level. This may be negatively impacting efforts to translate evidence-based physical activity interventions into rural Number eligible and invited (exposed) to recruitment 18 ( communities in the U.S. and hindering the widespread dissemination of these interventions, contributing to the persistence of rural health disparities. We found many similarities when comparing our results to previous RE-AIM reviews of physical activity interventions in other populations, including Latin Americans, Canadian and U.S. family caregivers, and breast cancer survivors [17] [18] [19] . Similar to the current study, previous reviews found that articles reported more frequently on reach, efficacy/effectiveness, and implementation and less frequently on adoption and maintenance [17] [18] [19] . The lack of reporting on factors related to external validity is an issue consistently seen among physical activity interventions in diverse populations. This lack of information about external validity, which provides critical knowledge about whether interventions can be effective in other settings and populations or with other staffing and resources, obstructs the translation of research into public health practice [13] . Thus, it is imperative that future physical activity intervention studies more accurately report across all RE-AIM dimensions, and additional focus is needed on reporting on factors related to external validity, such as characteristics related to intervention delivery agents and intervention sites.
We found there was limited reporting on measures of unintended and negative consequences and on mediators and moderators. Measuring unintended and negative consequences allows for researchers to determine whether an otherwise effective intervention may have unanticipated consequences and may cause unintended harm. Measuring moderator variables allow researchers to determine characteristics that influence the direction and strength of the relationship between the intervention and outcome, which can then be used to identify subgroups with greater or lesser likelihood to respond favorably to an intervention. Measuring mediators allows researchers to identify variables that explain the extent to which that variable accounts for the relationship between the intervention and outcome, and could reflect the underlying mechanisms of the intervention. These are all critical factors related to intervention effectiveness, and we therefore encourage researchers to include these measures in addition to assessing primary intervention outcomes.
Additionally, there was limited reporting related to cost. None of the included studies in the current review reported on costs of recruitment or cost of intervention adoption, and only 10.3 and 3.4% reported the cost of intervention implementation and cost-effectiveness, respectively. Thus, there is limited evidence for the costeffectiveness of physical activity interventions in rural communities, which impacts practice and policy [26] . Existing reviews on the cost-effectiveness of physical activity interventions have been mixed, and there are few interventions found to be cost-effective [26] . Policy makers require the appraisal of the cost and benefits of public health programs to inform decisions about funding and resource allocation, which makes information on intervention cost-effectiveness critical for making public health decisions on physical activity promotion [64] [65] [66] . The existing limited economic research in the field of physical activity promotion in rural areas implies that current investments into this area may be based on assumptions, rather than the effectiveness and cost of specific interventions. Thus, researchers should be encouraged to increase reporting related to cost and to identify strategies for improving intervention costeffectiveness, in order to contribute to the evidence-base from which to draw insights on the cost-effectiveness of rural behavioral health interventions and to inform policy and practice. Additionally, we also found that when companion articles were included in data extraction and synthesis, studies reported more RE-AIM indicators compared to individual studies, similar to previous reviews [23] . We therefore agree with previous recommendations that authors report dimensions across multiple companion articles [17, 23] , because this may alleviate concerns about journal space and manuscript length restrictions and may facilitate more balanced and thorough reporting of RE-AIM dimensions. Furthermore, given that no studies explicitly stated the use of RE-AIM indicators for study evaluation, we encourage future researchers to use the RE-AIM framework for both intervention planning and evaluation. This would allow for future evaluations of fidelity to the RE-AIM framework in the field of physical activity promotion in rural communities.
In addition to our RE-AIM findings, we noted the different classification systems used to define rurality in studies, which included population/census-based definitions, Rural Urban Continuum Codes (RUCC), and Rural Urban Commuting Area (RUCA) codes [20] . Most included studies simply stated their population or setting was rural, and few interventions used the same classification system to define rurality. A previous review by Cleland and colleagues of rural physical activity interventions in multiple countries noted differences in the rural classification systems used in studies [6] . This study demonstrates that even when assessing physical activity intervention research exclusively in the U.S., discrepancies remain in the operational definitions used to categorize rural settings and populations. This is an issue because research findings based on inconsistent definitions of rural may appear to conflict and can result in considerably different conclusions and policy implications [20] . However, we do not suggest that the solution moving forward is to select one of the existing definitions of rurality as the standard rurality classification to be used among public health researchers. Existing common definitions of rurality are based on factors such as population size, density, proximity, degree of urbanization, adjacency and relationship to a metropolitan area, principal economic activity, economic and trade relationships, and work commutes [20] . These definitions do not include key factors, such as sociodemographic characteristics, environmental characteristics, and healthcare and resource availability, which may be important indicators for identifying populations at risk for negative health behaviors and outcomes [67] . Thus, we encourage that researchers further explore these factors in rural areas in order to develop a greater understanding of how rurality influences residents' health and behavior. A greater understanding of what it means to be rural and how that influences health and behavior, and applying that understanding in selecting target intervention samples and settings, would provide greater context to physical activity interventions in rural settings. This contextual knowledge could then allow researchers to make comparisons across studies despite the lack of a standardized rural classification system, which is critical for facilitating the translation of interventions across rural settings and populations.
The current review makes a unique contribution to the literature on the examination of the internal and external validity of physical activity interventions in rural adults in the U.S. In a previous paper, Umstattd Meyer and colleagues (2016) assessed and outlined gaps in the evidence-base for an ecological model of active living for rural populations [68] . While Umstattd Meyer and colleagues (2016) provided a broad overview of the literature on the multi-level influences on active living in rural communities, including cross-sectional studies of determinants and correlates of physical activity [68] , the current review extended this work by focusing on and systematically reviewing the internal and external validity of physical activity intervention studies in rural communities.
Additional strengths of this current review include an exhaustive search strategy, developed and conducted in consultation with a trained librarian, and well-defined enumeration of inclusion and exclusion criteria. Despite study strengths, there are limitations that should be noted. First, inclusion criteria were restricted to articles published in English and studies conducted in the U.S., and interventions targeting older adults (or study samples with a mean age > 65 years old) were excluded. Inclusion and exclusion criteria were kept similar to a previous review to aid comparisons [6] . However, the national physical activity guidelines are identical for adults and older adults [69] , and future reviews should incorporate interventions targeting older adults for a more inclusive assessment of physical activity interventions in rural settings. Secondly, we summarized reporting across dimensions related to both internal and external validity. We did not focus on the effectiveness of physical activity interventions in rural populations, which has been reported previously but warrants further study [6] . Furthermore, due to the multiple reporting and evaluation tools available, a limitation applicable to many RE-AIM studies is the lack of consensus regarding a specific tool [70] . Previous RE-AIM reviews used a smaller number of total RE-AIM indicators [18, 71] , making it difficult to make a direct comparison to the current study results. However, the use of a data extraction tool with a larger number of indicators allowed us to gain a more comprehensive understanding of the reporting of internal and external validity in physical activity interventions in rural adults.
Conclusions
In sum, this systematic review provides information relevant to physical activity promotion in rural populations in the U.S. The poor reporting of components related to external validity, such as adoption and maintenance, may be indicating that improving factors such as representativeness or sustained intervention at the setting and staff level are currently not prioritized among public health researchers. This may be contributing to the limited widespread dissemination of effective physical activity interventions among rural populations; therefore, we recommend that researchers focus on balancing factors of internal and external validity and reporting these dimensions rigorously. Furthermore, we encourage researchers to continue testing strategies for increasing physical activity among rural populations, given the finding that many included interventions did not improve physical activity. Lastly, while there may not be a universally-accepted or standardized definition of rurality, steps need to be taken in order to facilitate the comparison of studies across rural settings. Therefore, we encourage researchers to elucidate the concept of rurality by further exploring factors influencing the health and behavior of rural residents, and to use that contextual knowledge when selecting intervention participants and settings.
